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Photobiologic investigations have been performed using animals without epidermal melanocytes. We developed
xeroderma pigmentosum group A gene-deﬁcient (XPA (/)), stem cell factor transgenic (SCF-Tg) mice, which one
defective in nucleotide excision repair and have epidermal melanocytes, and investigated protective effects of
epidermal melanin against UV-induced injuries. When irradiated to UVB, XPA (/) mice developed greatly
enhanced responses including acute inﬂammation, cyclobutane pyrimidine dimer (CPD) formation, keratinocyte
apoptosis, depletion of Langerhans cells and immunosuppression of contact hypersensitivity, but XPA (/), SCF-
Tg mice showed much less responses to the same dose of UVB. XPA (/), SCF-Tg mice did not develop skin
cancers after repeated exposures to UVB for 30 wk at a total dose of 72 J per cm2, which induced a signiﬁcant
number of tumors even in wild-type, XPA (þ /þ ) mice, and was lethal dose for XPA (/) mice. Dimethylbenz (a)
anthracence (DMBA) induces DNA damages, which require XPA protein to be repaired. Topical application of DMBA
produced a signiﬁcant inﬂammation, CPD formation, apoptosis, immunosuppression, and skin cancers in XPA
(/), SCF-Tg mice as well as XPA (/) mice. These ﬁndings indicate that epidermal melanin has a high ability to
protect DNA damage by UVB radiation, and thereby, prevent UV-induced inﬂammation, immunosuppression, and
carcinogenesis.
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Photobiological in vivo investigations have been done using
experimental animals, mostly albino mice, which are
defective in epidermal melanocytes and melanin (Young
et al, 1990). Colored mice have melanin in the dermis and in
the hair follicle, but not in the interfollicular epidermis, with
the exception of few epidermal melanocytes found in
ears, footpads, and tail (Silvers et al, 1979). In contrast,
melanocytes are present in the interadnexal epidermis in
human skin to protect the skin from the damaging effects of
ultraviolet (UV) radiation (Bleehen et al, 1998; Kowalczuk
et al, 2001). So far, there has been no study investigating the
direct effect of epidermal melanin on UV carcinogenesis
using mouse model because of the lack in melanocytes in
the murine epidermis.
The DNA damage by UV radiation can initiate a variety of
crucial events in biological systems. Xeroderma pigmento-
sum (XP) is a genetically heterogeneous group of autosomal
recessive disease characterized by defective excision repair
of damaged DNA, and has a high risk of developing cancers
on the sun-exposed skin (Kraemer et al, 1975; Robbins
et al, 1992). UV irradiation induces dipyrimidine lesions in
DNA including the formation of cyclobutane pyrimidine
dimers (CPD) and pyrimidine–pyrimidone 6-4 photopro-
ducts (Cleaver et al, 1998). We have previously reported that
XPA gene-deficient, XPA (/), mouse is defective in
nucleotide excision repair, and therefore, easily develops
UVB-induced skin cancer and shows a strong and long-
lasting inflammation and enhanced immunosuppression
after UVB radiation (Nakane et al, 1995). XPA (/) mice
also showed a high incidence of skin tumors by topical
application of dimethylbenz (a) anthracence (DMBA) (Na-
kane et al, 1995), which also induces a DNA damage in the
form of DMBA–DNA adduct. We have also demonstrated
that UVB radiation and DMBA application not only act as
carcinogens, but also induce specific suppression within
the cutaneous immune system (Miyauchi-Hashimoto et al,
1996, 2001). The immunosuppressive effects of UVB, as
well as its mutagenic properties, may contribute to the
mechanisms of sunlight-induced skin cancer.
We have investigated the photosensitivity reactions of
XPA (/) mice, which have no epidermal melanocytes. On
the other hand, membrane-bound/soluble stem cell factor
transgenic (SCF-Tg) mice have been reported to contain
Abbreviations: CHS, contact hypersensitivity; CPD, cyclobutane
pyrimidine dimer; DMBA, dimethylbenz (a) anthracence; DNFB,
dinitrofluorobenzene; LC, Langerhans cells; PBS, phosphate-
buffered saline; SBC, sunburn cell; SCF-Tg, stem cell factor
transgenic; TUNEL, TdT-mediated dUTP nick and labeling; UV,
ultraviolet light; XPA, xeroderma pigmentosum A
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epidermal melanocytes that produce and transfer a suffi-
cient amount of melanin to surrounding keratinocytes
(Kunisada et al, 1998). We crossed hairless XPA (/) mice
and SCF-Tg mice, and generated hairless XPA (/), SCF-
Tg mice. Comparing these mice with XPA (/) mice, we
investigated the function of epidermal melanin against UVB
radiation or DMBA application in vivo in terms of inflamma-
tion, local and systemic immunosuppression, and carcino-
genesis. The newly generated mice in this study will
contribute to photobiologic investigations as an experi-
mental animal that has a constitution closely similar to the
human skin.
Results
XPA (/), SCF-Tg mice have melanocytes and melanin
in the interfollicular epidermis XPA (/) mice had no
melanin and melanocytes in the epidermis except follicles
(Fig 1A–C). XPA (þ /þ ) (wild-type) mice had the same
histological features as XPA (/) mice. In contrast, XPA
(/), SCF-Tg mice had abundant melanin in the keratino-
cytes and contained clear cells in the basal cell layer. These
cells were identified as melanocytes by immunohistochem-
ical staining with tyrosinase and electron microscopic image
(Fig 1D–F). The numbers of epidermal melanocytes in XPA
(/), SCF-Tg mouse by immunohistochemical staining
with tyrosinase was not different in any part of body (data
not shown).
Chronic UV exposure did not affect the distribution or
density of XPA (/), SCF-Tg mouse. No epidermal melano-
cyte or melanin was observed in XPA (/) mouse skin.
SCF expression with or without UVB/DMBA treatment In
XPA (/), SCF-Tg mice, there was no significant difference
in the numbers of SCF-positive keratinocytes in the
epidermal specimens among non-treatment, acute UVB-
irradiated, chronic UVB-irradiated, acute DMBA treatment,
or chronic DMBA-treated mice in the immunohistochemical
study. In contrast, no SCF-positive keratinocyte was
observed in any of the treated or non-treated specimens
in XPA (/) mouse (data not shown).
Skin inﬂammation induced by UVB radiation or DMBA
application The ear swelling responses after UVB irradia-
tion or DMBA application in XPA (/) mice and XPA (/),
SCF-Tg mice are shown in Fig 2. XPA (/) mice showed
marked ear swelling by UVB irradiation at 100 mJ per cm2 of
UVB irradiation as previously reported (Miyauchi-Hashimoto
et al, 2001). In contrast, XPA (/), SCF-Tg mice did not
show any significant swelling at the same dose. A single
application of 20 mL of 0.5% DMBA produced ear swelling
to a similar extent in XPA (/) mice and XPA (/), SCF-Tg
mice.
SBC formation after UVB radiation UVB radiation of 50
and 100 mJ per cm2 induced 66.4  21.9 and 93.8  8.8
SBC per centimeter specimen in XPA (/) mice, respec-
tively. In XPA (/), SCF-Tg mice, however, very few SBC
(0.88  0.76 and 0.78  0.47) were observed (Fig 3).
CPD formation and TUNEL assay There was significant
difference between CPD-positive cells in XPA (/) mice
(Fig 4A, Table I) and XPA (/), SCF-Tg mice (Fig 4E, Table
I) 12 h after 200 mJ per cm2 of UVB irradiation. On the other
hand, CPD formation 24 h after application of 100 mg DMBA
was not observed either in XPA (/) mice or XPA (/),
SCF-Tg (Fig 4B,F). There was significant difference
between TUNEL-positive cells in XPA (/) mice (Fig 4C,
Figure 1
Histological features of XPA (/) mouse (upper lane), and XPA (/), SCF-Tg mouse (lower lane). In hematoxylin and eosin staining, XPA
(/) mouse has no melanin and melanocytes in the epidermis (A). In contrast, XPA (/), SCF-Tg mouse has both melanin and melanocytes in the
epidermis (D). In the histochemical study using monoclonal anti-tyrosinase antibody, positive staining was observed only in the hair follicle in XPA
(/) mouse (B, arrow: hair follicle). In contrast, positive cells were detected both in epidermis and dermis XPA (/), SCF-Tg mouse (E). In electron
microscopic image, no melanin was observed in XPA (/) mouse (C), whereas both keratinocytes and melanocytes contained melanosomes in the
epidermis and dermis of XPA (/), SCF-Tg (F) (E, F, arrows: melanocytes). XPA, xeroderma pigmentosum A; SCF-Tg, stem cell factor transgenic.
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Table I) and XPA (/), SCF-Tg mice (Fig 4G, Table I) 24 h
after 200 mJ per cm2 of UVB irradiation. On the other hand,
24 h after 100 mg DMBA application, there was no
significant difference in the number of TUNEL-positive cells
between XPA (/) mice (Fig 4D, Table I) and XPA (/),
SCF-Tg mice (Fig 4H, Table I).
LC density (Fig 5) There was no difference in the MHC-
class-II-positive LC density between XPA (/) (551.6 
102.2 per mm2) and XPA (/), SCF-Tg mice (523.1 
125.1 per mm2) without treatments. After a single exposure
to UVB radiation, the number of LC was significantly
reduced in XPA (/) mice (38.7  14.9 per mm2). In
contrast, in XPA (/), SCF-Tg mice, the number of LC did
not decrease after UVB radiation (476.4  96.5 per mm2).
On the other hand, when DMBA were applied on mice, the
number of LC decreased to a similar extent in XPA (/)
(102.4  42.4 per mm2) and XPA (/), SCF-Tg mice
(99.2  55.7 per mm2).
Local and systemic immunosuppression by UVB radia-
tion or DMBA application As compared with XPA (/)
mice (local immunosuppression 65.2%, systemic immuno-
suppression 83.6%), local and systemic immunosuppres-
sion was not so prominent in XPA (/) SCF-Tg mice
by UVB radiation (local immunosuppression 28.1%, sys-
temic immunosuppression 33.5%). But DMBA application
induced local and systemic immunosuppression in XPA
(/) mice (local immunosuppression 88.9%, systemic
immunosuppression 82.3%) as well as XPA (/), SCF-Tg
mice (local immunosuppression 81.0%, systemic immuno-
suppression 77.2%) (Fig 6).
Induction of skin tumors by UVB radiation or DMBA
application Six of 25 XPA (þ /þ ) mice developed skin
tumors at 10 wk of UVB irradiation (Fig 7C, left), and all 25
mice developed skin tumors by 30 wk (17.5  8.7 tumors
per mouse) (Fig 7A, upper left, Fig 7C). The skin tumors were
histologically diagnosis as squamous cell carcinomas
(Fig 7A, lower left) and papillomas. In contrast, in XPA
(/), SCF-Tg mice, skin tumors did not develop even
when exposed to UVB radiation for 30 wk at a total dose of
72 J per cm2 (Fig 7A, upper right, Fig 7C). XPA (þ /þ ), SCF-
Tg mice also developed no skin tumors (Fig 7C). XPA (/)
mice all died before tumor development within 5 wk
because of sunburn (Fig 7C) (w¼dead).
Figure2
The ear swelling response after UVB
radiation or DMBA application. (A) XPA
(/) mice showed considerable ear
swelling by UVB radiation. In contrast,
XPA (/), SCF-Tg mice and XPA (þ /þ )
mice did not show ear swelling at the
same dose. (B) A single application of
0.5% DMBA induced ear swelling in both
XPA (/) mice and XPA (/), SCF-Tg
mice, but not in XPA (þ /þ ) mice. UV,
ultraviolet; DMBA, dimethylbenz (a) an-
thracence; XPA, xeroderma pigmentosum
A; SCF-Tg, stem cell factor transgenic.
Figure 3
The SBC formation in mouse skin 24 h after
the exposure to 50 or 100 mJ per cm2 of UVB
radiation. Significantly high number of SBC was
observed in XPA (/) mouse than XPA (/),
SCF-Tg mouse in either dose of UVB
(po0.001). SBC, sunburn cell; UV, ultraviolet;
XPA, xeroderma pigmentosum A; SCF-Tg, stem
cell factor transgenic.
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In case of DMBA application for 10 wk, 2.5  1.6 skin
tumors developed per XPA (/) mouse (seven of 25 mice)
and 3.1  1.3 skin tumors developed per XPA (/), SCF-
Tg mouse (nine of 25 mice) (Fig 7D). At 30 wk of DMBA
application, the average number of skin tumors in XPA (/)
mouse (Fig 2B, upper left) was 39.3  9.7 per mouse (25 of
25 mice) (Fig 7D), similar to XPA (/), SCF-Tg mouse
(Fig 7B, upper right), 36.3  7.3 per mouse (25 of 25 mice)
(Fig 7D). All tumors were squamous cell carcinomas (Fig 7B,
lower left and right) and papillomas.
Discussion
Not only the cellular and molecular in vitro analyses but also
in vivo studies are necessary to clarify the biological
function of melanin in the epidermis against UV radiation.
Melanin is synthesized in melanosomes, transferred to the
dendrite tips, and translocated into keratinocytes and forms
caps over the keratinocyte nuclei in the human skin (Seiberg
et al, 2001). Suitable model animals, however, have not
been available to investigate the protective ability of
epidermal melanocytes and melanin against injurious
effects of UV radiation. We developed here a useful
experimental animal that has epidermal melanocytes but
has defect in the repair of DNA damage. It is widely
accepted that UV-induced DNA damage and repair me-
chanism are highly relevant to the induction of skin cancers.
For clinical example, XP patients, who are defective in
nucleotide excision repair, have a41000-fold higher risk of
developing sunlight-induced skin cancer (Robbins et al,
1992). Among eight genetic complementation groups of this
Figure 4
CPD formation assay and TUNEL assay
after UVB radiation or DMBA applica-
tion. In CPD formation assay 12 h after
200 mJ per cm2 of UVB radiation, positive
cells were much more prominent in XPA
(/) mouse epidermis (A) compared with
XPA (/), SCF-Tg mice epidermis (E). In
DMBA application, CPD formation was
negative in both XPA (/) mouse (B) and
XPA (/), SCF-Tg mouse (F) 24 h after
DMBA application. In TUNEL assay 24 h
after 200 mJ per cm2 of UVB radiation,
TUNEL-positive cells were observed in
much higher frequency in the epidermis of
XPA (/) mouse (C) than in XPA (/),
SCF-Tg mouse (G). There was no sig-
nificant difference in TUNEL-positive cell
formation between XPA (/) mouse (D)
and XPA (/), SCF-Tg mouse (H) 24 h
after DMBA application. CPD, cyclobu-
tane pyrimidine dimer; TUNEL, TdT-
mediated dUTP nick and labeling; UV,
ultraviolet; DMBA, dimethylbenz (a) an-
thracence; XPA, xeroderma pigmentosum
A; SCF-Tg, stem cell factor transgenic.
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disease, group A XP shows the most severe clinical
symptoms. We have previously reported that skin tumors
are easily induced by UVB radiation or DMBA application in
group A XP model animal, XPA (/) mice, which have
defect in nucleotide excision repair mechanism (Nakane
et al, 1995). Furthermore, XPA (/) mouse showed greatly
enhanced photobiological responses including inflamma-
tory reaction (Kuwamoto et al, 2000), immunosuppres-
sion (Miyauchi-Hashimoto et al, 1996, 2001), and inhibition
of natural killer cell activity (Miyauchi-Hashimoto et al,
1999).
This study indicated that the epidermal melanin pos-
sesses a high ability to protect DNA damage in keratino-
cytes by UVB radiation, and thereby, prevent UV-induced
inflammation, immunosuppression, and carcinogenesis in
in vivo experiments. A chemical carcinogen, DMBA, is
known to induce DNA damage and XPA protein is
necessary to repair DMBA–DNA adducts. Using XPA (/)
mice, we have also reported that DNA damage is involved in
UVB- and DMBA-induced inflammation and immunosup-
pression as well as carcinogenesis (Miyauchi-Hashimoto
et al, 1996, 2001; Kuwamoto et al, 2000). Hyperproduction
of proinflammatory or immunosuppressive factors, which
have been known to have immunoregulatory activities,
including prostaglandin E2 (Shreedhar et al, 1998), tumor
necrosis factor a (Rivas et al, 1994), and interleukin-10
(Yoshikawa et al, 1990) seemed to be responsible for the
enhanced reactions after UVB or DMBA treatment. In this
study, when mice were irradiated with UVB, significant ESR
was not observed in XPA (/), SCF-Tg mice by acute UVB
radiation, in spite of their defect in repair of DNA damage
(Fig 7A). Application of DMBA, on the other hand, induced
ear swelling similarly in both XPA (/) mice and XPA (/),
SCF-Tg mice (Fig 7B), whether or not melanocytes exist in
the epidermis.
In this study using XPA (/), SCF-Tg mice, skin tumors
did not develop even when exposed to UVB radiation at a
total dose of 72 J per cm2. In our previous experiments, an
albino XPA (/) mouse developed the first tumor at 10 wk
after exposures to a cumulative dose of 860 mJ per cm2
and all mice bore tumors at a total dose of 2.6 J per cm2 for
a period of 24 wk (Horiki et al, 2000). After a single exposure
to UVB radiation, SBC-, CPD-, and TUNEL-positive cell
formations were greatly inhibited in XPA (/), SCF-Tg mice
in comparison with XPA (/) mice (Figs 3–5). In contrast,
when mice were treated with DMBA, there was no
significant difference in CPD- and TUNEL-positive cell
formations between XPA (/) mice and XPA (/), SCF-
Tg mice (Figs 4 and 5). These results indicate that epidermal
melanin would sufficiently protect keratinocytes from the
photobiological DNA damage, but not at all from the
chemical damage.
It has been well established that immunosuppression is
another key factor in UV-induced skin carcinogenesis
(Fisher et al, 1982; Ullrich et al, 1995). Fisher et al (1977)
and Kripke et al (1979) demonstrated that UV-induced
tumor cells with high antigenicity were rejected immunolo-
gically when transplanted in normal syngenic mice. But if
the recipient mice had been exposed to UVB radiation prior
Figure 5
LC density in the epidermis after UVB radia-
tion or DMBA application. There was no
significant difference in the number of anti-major
histocompatibility complex-class-II-positive LC
in non-treated epidermal sheets between XPA
(/) mouse and XPA (/), SCF-Tg mouse.
Forty-eight hours after 100 mJ per cm2 of UVB
radiation, the number of LC decreased markedly
in XPA (/) mouse, but not in XPA (/), SCF-
Tg mouse. After DMBA application, the reduc-
tion of positive cells was observed to the same
extent in XPA (/) mouse and XPA (/), SCF-
Tg mouse (po0.001). LC, Langerhans cells;
UV, ultraviolet; DMBA, dimethylbenz (a) anthra-
cence; XPA, xeroderma pigmentosum A; SCF-
Tg, stem cell factor transgenic.
Table I. CPD and TUNEL-positive cells in the epidermis treated
with UVB or DMBAa
No. of positive cells per cm specimen
XPA (/) mice XPA (/), SCF-Tg mice
CPD
UVB 85.0  14.9 4.0  2.9
DMBA Not detected Not detected
TUNEL
UVB 86.0  13.7 11.8  6.1
DMBA 54.4  19.6 38.0  16.5
aExperimental details are described in Materials and Methods. Data
were obtained from three specimens from independent mouse of each
group.
CPD, cyclobutane pyrimidine dimer; TUNEL, TdT-mediated dUTP nick
and labeling; UV, ultraviolet; DMBA, dimethylbenz (a) anthracence; XPA,
xeroderma pigmentosum A; SCF-Tg, stem cell factor transgenic.
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Figure 6
The effect of UV radiation or DMBA application on immunosuppression of contact hypersensitivity. Prominent local and systemic
immunosuppression was induced in XPA (/) but not in XPA (/), SCF-Tg mice by UVB radiation. DMBA application induced local and systemic
immunosuppression in XPA (/), SCF-Tg mice as well as XPA (/) mice. UV, ultraviolet; DMBA, dimethylbenz (a) anthracence; XPA, xeroderma
pigmentosum A; SCF-Tg, stem cell factor transgenic.
Figure 7
Clinical and histological features after chronic UVB radiation (A) or DMBA application (B). (A) At 30 wk of UVB radiation (1000 mJ per
cm2  three times per week), XPA (þ /þ ) mouse had multiple skin tumors (upper left), which were histologically diagnosed as squamous cell
carcinomas (lower left). In contrast, no skin tumor developed in XPA (/), SCF-Tg mice at 30 wk of UVB radiation (upper right), and the prominent
increase of melanin was observed in the epidermis (lower right). (B) At 30 wk of DMBA application (once per week), both XPA (/) mice (upper left)
and XPA (/), SCF-Tg mice (upper right) had multiple tumors, which were identified as squamous cell carcinomas (lower left and lower right). (C)
The time course of tumor induction per mouse after UVB radiation. XPA (/) mice died before tumor development within 5 wk, because of sunburn.
(D) The time course of tumor induction per mouse after DMBA application. UV, ultraviolet; DMBA, dimethylbenz (a) anthracence; XPA, xeroderma
pigmentosum A; SCF-Tg, stem cell factor transgenic.
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to the transplantation, the tumor cells were not rejected and
grew. A number of investigations revealed that DNA
damage is an important initiator of UV-induced immuno-
suppression (Applegate et al, 1989; Vink et al, 1996, 1997).
We have previously reported that immunization of mice
through UV-irradiated or DMBA-applied skin leads to much
greater suppression of CHS response after subsequent
challenge in XPA (/) than XPA (þ /þ ) mice (Miyauchi-
Hashimoto et al, 1996, 2001). In this study, the number of
epidermal LC in XPA (/), SCF-Tg mice did not decrease
after UVB radiation (Fig 5E), whereas decreased to a similar
extent in XPA (/) mice and XPA (/), SCF-Tg mice after
DMBA application (Fig 5C,F). Those kinetics of epidermal
LC could explain that the local immunosuppression did not
appear in XPA (/), SCF-Tg mice by UVB radiation, but
DMBA application induced the local immunosuppression in
XPA (/), SCF-Tg mice as well as XPA (/) mice (Fig 6).
There is no doubt that skin pigment is of great value for
protection against skin carcinogenesis by UV radiation. It is
well known that skin cancer is much more frequent in light-
skinned people than in dark-skinned individuals (Isaacson
et al, 1979; Giles et al, 1988). But the evidence has
remained circumstantial depending on epidemiological
and statistical data, because it is not possible to do
experimental studies of UV carcinogenesis in human skin.
In the present studies, we demonstrated that the
epidermal melanin has a high ability to protect DNA damage
by UVB radiation, and thereby, prevent inflammation,
immunosuppression, and UV-induced carcinogenesis. Be-
cause both XPA (/) mice and XPA (/), SCF-Tg mice
are deficient in XPA gene, the difference in those assays
became distinct. The epidermal melanocytes and melanin
pigmentation possess ideal sunscreening capacities even
in animals that are extremely sensitive to UV radiation. We
assume that the newly developed model mice shown here
could be useful animals to investigate the roles of melanin in
UV protection in vivo.
Materials and Methods
Animals All studies involving animals were reviewed by the
Kansas Medical University Animal Use and Care Committee. Hairy
XPA gene-deficient (/) mice with CBA, C57BL/6, and CD-1
chimeric genetic background were backcrossed with hairless
albino mice of the inbred strains Hos/HR-1, and resultant hairless
XPA (/) (Fig 8C) and XPA (þ /þ ) (Fig 8D) mice (Nakane et al,
1995). Hairy SCF gene transgenic (Tg) mouse was generated by
injection of transgene containing full-length unmodified SCF cDNA
(membrane/soluble SCF) into 100 F1 oocytes (C57BL/6 and SLJ),
which were implanted into six host mothers, resulting in four
hyperpigmented mice, all of which were positive for the transgene,
and 40 other littermates that were pigmentary phenotype- and
transgene-negative by PCR (Kunisada et al, 1998) (Fig 8A). XPA
(/) mice (Fig 8C) and SCF-Tg mice (Fig 8A) were crossed and
the resultant hairy XPA (þ /), SCF-Tg mice were generated.
Thereafter, offspring of XPA (þ /), SCF-Tg mice, and hairless XPA
(/) mice were backcrossed and resulted in hairless XPA (/),
SCF-Tg mice, which was observed as a defect of XPA gene by
PCR (Fig 8B). In the carcinogenesis experiments, we also used
wild-type (XPA (þ /þ )) mice (Fig 8D). All mice were 8–10 wk of age
at the beginning of each experiment.
Histological examination of melanocytes and melanin in the
epidermis Skin samples were prepared from non-treated back of
mice. Five micrometer section was stained with hematoxylin and
eosin (H&E). For the immunohistochemical analysis, melanin in the
deparaffinized sections was bleached by 0.25% potassium
permanganate for 1 h, 2% oxalic acid for 2 min. The specimens
were reincubated for 10 min in 10% normal goat serum, treated
with target retrieval solution (Dako, Carpintoria, California) and
incubated 1 h at 371C with monoclonal anti-tyrosinase antibody
(Pola R&D Laboratories, Yokohama, Japan) at a dilution of 1:50.
Figure 8
Clinical features of mice. (A) XPA (þ /þ ) SCF-Tg mouse, (B) XPA (/), SCF-Tg mouse, (C) XPA (/) mouse, (D) XPA (þ /þ ) non-transgenic mice
have non-pigmented skin. XPA, xeroderma pigmentosum A; SCF-Tg, stem cell factor transgenic.
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After three washes with phosphate-buffered saline (PBS) plus
0.5% Tween, the sections were incubated for 15 min with biotin-
conjugated goat anti-rabbit antibody (Vector Laboratories, Burlin-
game, California). After three washes with PBS plus 0.5% Tween,
the slides were treated with diaminobenzidine (Vectastain Elite
ABC kit, Vector Laboratories) as recommended by the manu-
facturer. Counterstaining was performed with hematoxylin. As a
negative control, tissue sections were stained with the secondary
antibody only.
Other skin specimens were analyzed by electron microscopy. In
brief, skin samples were fixed with 2.5% glutaraldehyde, dehy-
drated with alcohol, and 1 mm sections were stained with toluidine
blue. Thin-sliced section (120 nm) was analyzed with electron
microscope (Transmission Electron Microscope H-7000, Hitachi
Hitechnologies, Tokyo, Japan).
UV irradiation The UVB source was a bank of fluorescent
sunlamps (FL.20SE.30; Toshiba Medical Supply, Tokyo, Japan)
with an emission spectrum of 275–375 nm, mainly UVB peaking at
305 nm. The irradiance of UVB was measured by a radiometer
(UVR-305/365D (II); Toshiba Medical Supply).
Ear swelling response to UVB and DMBA application Ears of
mice were treated with 20 mL of 0.5% DMBA in acetone or 100 mJ
per cm2 of UVB irradiation. Ear thickness was measured
immediately before and 1, 2, 3, 4, 5, and 6 d after treatment with
a dial thickness gauge (Peacock, Tokyo, Japan). Data are
expressed as the mean intensity of ear swelling  SD in seven
mice (14 ears).
Histological examination and sunburn cell (SBC) counting The
dorsal area of mice was exposed to 50 or 100 mJ per cm2 of UVB
radiation. Biopsy specimens were taken 24 h after irradiation
and stained with H&E. The number of SBC in the interfollicular
epidermis was counted in three different sections, and the ave-
rage number of SBC per centimeter specimen was statistically
analyzed.
Immunoﬂuorescence staining for CPD CPD in the keratinocytes
were detected by immunofluorescence staining using a mouse
monoclonal antibody (kindly offered from Dr Nikaido). XPA (/),
SCF-Tg mice, and XPA (/) mice were irradiated with 200 mJ per
cm2 of UVB or 100 mg DMBA dissolved in 100 mL acetone were
applied on the back. Immunofluorescence of CPD staining was
performed using the skin samples 12 h after UVB irradiation or 24 h
after DMBA application. The staining procedure for detection of
CPD has been previously described (Muramatsu et al, 1992; Horiki
et al, 2000). In brief, 5 mm skin sections were prepared using a
cryostat. These sections were air-dried and DNA was denatured by
treatment with 0.07 N NaOH in 70% ethanol for 4 min. Slides were
incubated at room temperature for 30 min in PBS containing 1%
newborn calf serum (Nacalai Tesque, Kyoto, Japan). The sections
were stained with CPD monoclonal anti-mouse IgG (diluted at 1:50
in PBS) antibody and, thereafter, stained with goat-mouse IgG
fluorescein isothiocyanate (FITC; B.D. Bioscience, San Diego,
California) (diluted at 1:50 in PBS) for 1 h. The stained sections
were analyzed with confocal microscopy (Flouview, Olympus Tokyo,
Japan) with 488 nm excitation lines from a krypton/argon laser.
TdT-mediated dUTP nick and labeling (TUNEL) assay XPA
(/), SCF-Tg mice, and XPA (/) mice were irradiated with 200
mJ per cm2 of UVB or 100 mg DMBA were applied. Skin samples
were obtained 24 h after UVB irradiation or 24 h after DMBA
application. TUNEL assays were performed using a commercial kit
according to the manufacture’s protocol (Promega Corp., Madison,
Wisconsin), and the stained sections were analyzed with confocal
microscopy (Flouview, Olympus) with 488 nm excitation lines from
a krypton/argon laser.
Immunoﬂuorescence staining of Langerhans cells (LC) The
epidermal sheets of ears were prepared 48 h after 100 mJ per cm2
of UVB irradiation or 0.5% DMBA application, using ethylene-
diamine tetraacetic acid and stained with anti-major histocompat-
ibility complex (MHC)-class II monoclonal antibody (BD Bioscience
Pharmingen, San Diego, California) as described previously (Pure
et al, 1990). Stained LC were counted in 30 randomly selected
interfollicular fields per sheet with the aid of a calibrated ocular
grid.
Sensitization and elicitation of contact hypersensitivity
(CHS) The mice were sensitized with 25 mL of 1% dinitrofluor-
obenzene (DNFB) solution in acetone:olive oil (4:1) on the
abdominal skin. CHS was elicited by application of 20 mL of
0.2% DNFB solution on the surface of each left ear 6 d after
sensitization. Ear thickness was measured before and 24 h after
application of the challenge dose, and the difference was recorded
as ear swelling as previously reported (Miyauchi-Hashimoto et al,
1996, 2001).
Assay for UVB- or DMBA-induced immunosuppression of
CHS To assay the induction of local immunosuppression by UVB
radiation, mice were exposed to 40 mJ per cm2 of UVB radiation
on whole dorsal area on day 0, and sensitized with DNFB at the
irradiated area on day 1. Elicitation at the left ear was performed
on day 6.
For the induction of systemic immunosuppression by UVB
radiation, mice were exposed 125 mJ per cm2 of UVB radiation
on the dorsal area on day 0, and sensitized with DNFB at the
unexposed abdominal region on day 5. On day 10, CHS was
elicited on the left ear. During irradiation, the ears of mice were
protected from UV irradiation by black adhesive tape that was
removed after exposure.
To assay the induction of local immunosuppression by
DMBA, 60 mL of 0.5% DMBA was applied on the dorsal area
of the mice on day 0, and sensitized with DNFB at the DMBA-
applied site on day 4. Elicitation at the left ear was performed on
day 10.
To induce of systemic immunosuppression by DMBA, 100 mL of
0.05% DMBA was applied on the dorsal area on day 0, and
sensitized with DNFB at the abdominal region on day 4. Elicitation
at the left ear was performed on day 10 as previously reported
(Miyauchi-Hashimoto et al, 1996, 2001). Suppression of the ear
swelling response was calculated as follows: 100(ear swelling of
test mice/ear swelling of non-treated mice)  100%.
Induction of skin tumors by UV irradiation or DMBA applica-
tion To investigate the effects of epidermal melanin on UV
carcinogenesis, XPA (/) SCF-Tg mice, XPA (/) mice, and
XPA (þ /þ ) mice were irradiated with 1000 mJ per cm2 of UVB on
the back three times a week, or applied on the back once a week,
with 100 mg of DMBA dissolved in 100 mL acetone for 8 mo. In each
group 15–25 mice were used.
Statistical analysis The results were presented as means  SD.
They were analyzed using the two-sided Student’s t test (po0.05,
po0.01, po0.001).
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